Purpose. To analyse the morphology of the scapula relative to the reverse shoulder prosthesis. Methods. Scapulas of 46 women and 27 men aged 16 to 84 (mean, 53) years with proximal humeral fractures (n=52) or recurrent antero-inferior instability (n=21) were assessed using 3-dimensional computed tomography (CT). For comparison, 108 cadaveric scapulas with unknown epidemiology were assessed using a goniometer and a caliper. The length of the glenoid neck, the angle between the glenoid surface and the upper posterior column of the scapula, and the angles between the major craneocaudal glenoid axis and (1) the base of the coracoid process and (2) the upper posterior column of the scapula were assessed. Results. The length of the glenoid neck was classified into short and long. In the respective CT and cadaveric groups, the anterior glenoid neck was short in 42% and 18% of scapulas and long in 58% and 82%, whereas the posterior glenoid neck was short in 34% and 60% of scapulas and long in 66% and 40%. The angle between the glenoid surface and the upper posterior column of the scapula was classified into types I (50º-52º) and II (62º-64º). In the respective CT and cadaveric groups, 61% and 71% of scapulas were type I and 39% and 29% were type II. All differences between groups were significant. The mean angles between the major craneocaudal glenoid axis and (1) the base of the coracoid process and (2) the upper posterior column of the scapula were 18º and 8º, respectively. Conclusion. Because of variations in scapular morphology, individualised adjustment is needed for reverse shoulder prostheses. Three-dimensional CT is valuable in preoperative planning.
INTRODUCTION
The anatomy of the scapula has been widely studied, [1] [2] [3] [4] [5] but recently there has been greater focus on the pathomechanics of glenohumeral instability, [6] [7] [8] [9] [10] cuff disorders and snapping of the scapula, 11 and the biomechanics of total shoulder arthroplasties. [12] [13] [14] [15] [16] Reverse shoulder prostheses have achieved good short-and mid-term results in treating painful glenohumeral arthritis with an irreparable rotator cuff tear. [17] [18] [19] [20] It is superior to the anatomic prosthesis when rotator cuff function is completely lost, 21 but risks loosening of the glenoid component. 22, 23 In the Delta III reverse shoulder prosthesis (DePuy, Leeds, England), the glenoid component is fixed with 4 screws. We analysed the morphology of the scapula relative to the glenoid component of the reverse shoulder prosthesis.
MATERIALS AND METHODS
Between January 2006 and 2007, scapulas of 46 women and 27 men aged 16 to 84 (mean, 53) years with proximal humeral fractures (n=52) or recurrent antero-inferior instability (n=21) were assessed twice by 2 independent observers using 3-dimensional computed tomography (CT). For comparison, 108 cadaveric scapulas with unknown epidemiology were measured once by 2 independent observers using a goniometer and a caliper. Angles in the profile view were not measured because of inability in drawing lines.
The length of the glenoid neck, the angle between the glenoid surface and the upper posterior column of the scapula, and the angles between the major craneocaudal glenoid axis and (1) the base of the coracoid process and (2) the upper posterior column of the scapula were assessed ( Fig. 1) .
Inter-and intra-observer variations were analysed using the kappa index. Comparisons were made using the Mann-Whitney U test and the Pearson Chi squared test. A p<0.05 was considered statistically significant.
RESULTS
The length of the glenoid neck was classified into short and long ( Fig. 2 ). In the respective CT and cadaveric groups, the anterior glenoid neck was short in 42% and 18% of scapulas and long in 58% and 82%. The differences were significant in both groups (p<0.001 for the CT group and p=0.034 for the cadaeric group, Table) . The posterior glenoid neck was short in 35% and 60% of scapulas and long in 66% and 40%. The differences were significant in both groups (p<0.002 for the CT group and p=0.02 for the cadaeric group, Table) . The angle between the glenoid surface and the upper posterior column of the scapula was classified into types I (50º-52º) and II (62º-64º) [ Fig. 3 ]. In the respective CT and cadaveric groups, 61% and 71% of scapulas were type I and 39% and 29% were type II. The differences were significant in both groups (p<0.001 for both CT and cadaveric groups, Table) .
In the coronal plane, the centre of the coracoid process and the upper posterior column of the scapula were not in line. The centre of the base of the coracoid process was a mean of 18º (range, 13º-27º) anterior to the major craneocaudal glenoid axis, and the upper posterior column of the scapula was a mean of 8º (range, 5º-18º) posterior to this axis. The mean difference was 10º.
In the CT group, measurements were not significantly different with respect to gender or age. There was no correlation for variations of anatomy. The kappa statistics to assess intra-observer variability for the 2 observers were 0.66 and 0.66 (0.50 and 0.63) in terms of the anterior (posterior) glenoid neck, and 0.83 and 0.89 in terms of the angle between the glenoid surface and the upper posterior column of the scapula. The kappa statistics to assess the interobserver variability were 0.52 (0.40) in terms of the anterior (posterior) glenoid neck, and 0.47 in terms of the angle between the glenoid surface and the upper posterior column of the scapula.
DISCUSSION
The Delta III reverse shoulder prosthesis is a semiconstrained total shoulder arthroplasty. It reverses the normal relationship between the scapular and humeral components, moving the scapulo-humeral joint's centre of rotation medially and inferiorly. This increases the deltoid lever arm movement and deltoid tension, enabling the muscles of the deltoid group to compensate for rotator cuff deficiency. The glenoid component is cementless and has 4 screws. The superior and inferior screws are fixed-angled (70º) and diverging and should be fixed into the base of the coracoid process and the upper posterior column of the scapula, respectively. The anterior and posterior screws are free-angled and should be fixed into the glenoid body.
In short glenoid necks, the glenoid surface is close to the upper posterior column of the scapula, which enables the inferior screw to easily reach to the posterior column of the scapula. In long glenoid necks, the glenoid component should be positioned inferiorly so that the inferior screw runs through the glenoid neck instead of into the upper posterior column.
In type-I scapulas, the inferior screw will be poorly positioned because of a difference in the orientation of the screw and the lateral border of the scapula and thus less bone coverage. The inferior screw is less likely to reach the lateral border of the scapula if the glenoid component is located more inferiorly. In type-II scapulas, the inferior screw is better fixed and thus enables more bone coverage. If the inferior screw is improperly fixed into the posterior column of the scapula, then the superior screw will be improperly fixed into the posterior part of the base of the coracoid process. Because of anatomic variations, major changes in the metaglene component of the reverse prostheses are needed to improve bone fixation. Superior and inferior screws should have a minimum of 10º of free orientation to fit both types-I and -II scapulas.
A notch formed at the inferior part of the scapula as a result of the contact between the medial part of the humeral component and the glenoid during adduction is a common complication. To avoid this, the glenoid component should be extended beyond the inferior glenoid rim, 13 but this requires modification of the glenoid component to allow variation in positioning of the inferior screw. Three-dimensional CT is valuable for preoperative measurement of the scapula type and the length of the inferior glenoid neck. Prefixed angle screws may lead to decreased bone coverage, so adjustments of screw positioning should be based on morphologic measurements. Because of variations in scapular morphology, individualised adjustment of screw positioning is needed for reverse shoulder prostheses.
